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Introduction 
Las Vegas Val ley i s in the west-centra l part of Clark County, 
Nevada, between the p a r a l l e l s of north l a t i t u d e 36° 00' and 36° 45' and 
the meridians of west longitude 1 1 5 ° 00' and 1 1 5 ° 4 5 ' . The v a l l e y i s 
bounded on the west by the l o f t y Spring Mountain Range and on the north 
by the south t i p s of the Spotted, Pintwater, Desert, Sheep and Las Vegas 
Ranges. Sunrise Mountain and low-lying h i l l s extending southward from 
i t bound the v a l l e y on the east and southeast s ide . The south side of 
the v a l l e y i s formed by a range of low-lying unnamed mountains and h i l l s . 
The south part of the v a l l e y trends a l i t t l e west of north, whereas the 
north part of the v a l l e y swings sharply to the northwest and west. The 
c i t y of Las Vegas i s in the centra l part of the v a l l e y near the south 
end. E s s e n t i a l l y a l l ground water development has been in the south 
part of the v a l l e y in Range 61East and south of the north boundary of 
Township 1 9 South, Mount Diablo Base and Meridian. Therefore, th i s 
report i s concerned with the south part of the valley, and ground water 
conditions in the north part of the v a l l e y s are considered only in t h e i r 
r e l a t i o n to the south par t . Figure 1 i s a map of the area covered by 
t h i s report . 
No perennial streams occur in Las Vegas Va l ley and the intermit -
tent streams have no regular seasonal f low. Surface water runs in the 
washes only during; and f o r a short period fol lowing except ional ly in-
frequent and v io lent storms. Thus, res idents in the v a l l e y depend 
e n t i r e l y upon wel ls and springs f o r the i r water supply. Artesian springs 
which occur near the toes of the Red Rock, Kyle Canyon and Corn Creek 
fans furnished the pr inc ipa l water supply in the Las Vegas Val ley u n t i l 
the i n f l u x of population during the l a t e twenties . I t i s estimated that 
approximately 125 wel ls wore present in the v a l l e y in 1924 , and between 
1924 and 1935 the number increased to more than 275. Probably not more 
than 50 percent of the free f low from these wel l s was u t i l i z e d . From 
1936 to 1944 the number of wel ls increased to about 450 and the u t i l i -
zation of the f low increased to approximately 85 percent (See Figure 2B). 
The importance of e f f i c i e n t l y developing and conserving the 
ground-water supply ha3 long been recognized by some res idents in the 
v a l l e y as well as by State and Federal O f f i c i a l s . Several studies were 
made by these groups and recommendations were made concerning u t i l i z a t i o n 
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of the ground water pr ior to 1920. Only one of these reports was pub-
l i shed (2) . Between 1920 and 1936 the State Agr icu l tura l Experiment , 
Stat ion, under the immediatiate d i rect ion of George Hardman, made severa l 
studies of the wel l s in Las Vegas Val ley f o r the purpose of developing 
ground water supplies f o r i r r i g a t i o n . Many measurements, pumping t e s t s , 
and reconnaissance studies of the recharge areas were made. Early in 
the course of h is studios , Hardman recognised that the a r te s i an aqu i fe r s 
were recharged by p r e c i p i t a t i o n on the neighboring mountain ranges and 
in h i s reports he s t ressed that the recharge was l imited and that con-
servat ion of ground water should be pract iced . He also pointed out the 
a d v i s a b i l i t y of making a more detai led inves t igat ion of the water 
resources. 
During th i s period, the most important industry in the Las 
Vegas Valley was the r a i l r o a d d iv i s ion shop at Las Vegas. There wore 
a lso a few farms and ranches. The population of the v a l l e y was 
approximately 5 ,000. H a r l a n pointed out that any f u t u r e development 
in the v a l l e y with an accompanying increase in population would be 
l a r g e l y dependent upon the amount of water ava i l ab le from w e l l s and 
springs, and that increased withdrawal of water from the aqu i fe r s would 
cause continued lowering of water l e v e l s and decreases in the y i e l d of 
individual w e l l s . Beginning i n 1930 and f o r several years t h e r e a f t e r , 
the population of the v a l l e y increased as a resu l t of a growing t o u r i s t 
trade and the construction of Boulder Dam. During that time numerous 
wel l s were d r i l l e d to answer the demand f o r more water and Hardman's 
predict ion immediately became f u l f i l l e d . Following the completion of 
Boulder Dam, the construction of Army camps and t ra in ing centers began, 
and later the Bas ic Magnesium, I n c . , plant was bu i l t and put into operar-
t ion . These a c t i v i t i e s resul ted in a l a rge increase in the population 
and a consequent increase in the amount of water used. Continued decl ines 
of water l e v e l s and decreased y i e l d s of individual w e l l s wore noted. 
Since 1 9 4 1 , large quanti t ies of the water, which had prev ious ly been 
obtained from the f r e e f low of a r tes ian w e l l s , have been pumped from the 
a q u i f e r s . Figures 2A and C i l l u s t r a t e the growth in population and the 
increase in use of water in Las Vegas Va l l ey . 
Since the construction of Boulder Dam the State E n g i n e e r ' s 
O f f i c e has been a c t i v e l y in teres ted in the ground-water resources of the 
State and has boon instrumental in having a law for the regulat ion of 
ground water appropriation and use written and passed in the State 
L e g i s l a t u r e . Under th i s law the Las Vegas Artesian Bas in was designated, 
an Artesian Y e l l Supervisor employed, and active steps taken to properly 
u t i l i z e and conserve ground water. 
In 1938 a survey of leaky wel l s in the area was made by the 
Geological Survey in cooperation with the State Engineer of Nevada, the 
City of Las Vegas and Las Vegas Land & Water Company. ( 1 0 ) . Following 
t h i s survey, most of the leaky wel ls were repaired or destroyed and a 
reasonably s t r i c t program of conservation of water was fol lowed which 
resu l ted in an estimated average annual saving of over 2,000,000 ga l lons 
a day. However, water l e v e l s throughout the v a l l e y continued to decline 
and y i e l d s from we l l s continued to diminish. As the problem became 
more acute in the summer of 1944, the Geological Survey was requested 
to make a deta i l ed i n v e s t i g a t i o n . Accordingly, in J u l y , 1944, an a l l o t -
ment of $5,000 from the funds of the Las Vegas Artesian Basin was o f f e r e d 
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by the State Engineer f o r cooperation and was matched with an equal amount 
by the Federal Geological Survey to provide funds f o r the work u n t i l June 
30, 1945. In February, a f u r t h e r o f f e r i n g of $350 by the State of Nevada 
was matched with an equal amount by the Geological Survey to provide added 
equipment needed f o r the study. 
Since the invest igat ion was begun, an inventory of more than 
430 wel ls has been made, including a l l of the known ar tes i an wel ls in the 
v a l l e y and numerous water-table w e l l s . Al l ava i l ab le wel l records have 
been studied and the amount of water that has flowed from w e l l s and 
springs during the past twenty years has been determined. Water l e v e l s 
are being measured p e r i o d i c a l l y in about s i x t y se lected observation w e l l s . 
S p e c i f i c capac i t ies of wel ls in d i f f e r e n t aqui fers and in several locat ions 
have been determined. A study of the qua l i ty of the waters has been s ta r ted 
and many samples of water have been co l l ec ted and analyzed. The temperature 
of water from most of the we l l s in the area has been measured. A recon-
naissance of the geology of the area has been made, some important sections 
have been mapped and other sect ions have been noted f o r de ta i l ed geologic 
mapping in the near f u t u r e , W e l l logs have been compiled and studied. 
P r e c i p i t a t i o n s ta t ions have been i n s t a l l e d in the recharge areas and 
e x i s t i n g p r e c i p i t a t i o n data, has been studied. Since no su i tab le base-map 
of the area was a v a i l a b l e , one i s being compiled from a e r i a l photographs, 
a v a i l a b l e engineering data, and portions of various e x i s t i n g maps. 
The inves t iga t ion has been under the general supervision of 0 . 
E . Meinzer, Geologist in charge of the Divis ion of Ground Water ; and P. 
E. Dennis, Geologist in charge of Ground-Water Invest igat ions in Utah 
and Nevada, both of whom have reviewed and c r i t i c i z e d t h i s report . Data 
and generous cooperation have been supplied by the O f f i c e of the State 
Engineer of Nevada, the o f f i c e of the State Highway Engineer, the o f f i c i a l s 
of the Las Vegas Army Air F i e l d , the Las Vegas Land & Water Company, the 
U. S. Weather Bureau, the wel l d r i l l e r s in the area, and many other in-
teres ted ind iv idua l s . This report contains the more important r e s u l t s 
that have been obtained to date, together with recommendations concerning 
f u r t h e r u t i l i z a t i o n of the ground water resources of Las Vegas Va l ley , 
and c l e a r l y indicates the a d v i s a b i l i t y of continuing the i n v e s t i g a t i o n . 
Inventory of Wells 
An inventory by the State Engineer of Nevada of the wel l s in 
Las Vegas Val ley has been in. progress since 1939. In the l a s t part of 
1944 a supplementary inventory was made by the w r i t e r s . The fo l lowing 
was tabulated whenever a v a i l a b l e : loca t ion , owner, d r i l l e r , a l t i t u d e , 
log , ca.sing and screen data, water l e v e l s , pump data, pumping te s t data, 
discharge rocords, temperature and chemic-1 analyses of water. Except 
f o r conf ident ia l records, th i s information i s ava i lab lo to the publ ic in 
the f i l e s of the Geological Survey in Las Vegas. 
Figure 1 shows the locat ion of each of the we l l s included in 
the inventory. In 1'evada land areas are subdivided by township l i n e s 
numbered north and south from the Mt. Diablo Base Line, and by range 
l i n e s numbered east from the Mt, Diablo Meridian. Each township (area 
of 36 square miles bounded by township l i n e s on north and south and 
range l i n e s on east and west) i s divided into units of 1 square mile 
ca l l ed sect ions, which are numbered consecutively back and f o r t h across 
the township s t a r t i n g with sect ion 1 in the northeast corner of the 
township. This method of land d i v i s i o n o f f e r s a convenient bas i s f o r 
designating the locat ion of a wel l by a number with each unit in the 
number indicating a certa in d iv i s ion of land. In order to locate the 
wel l within an area of 1 0 acres , the sect ions have been f u r t h e r sub-
divided into quarters , tho northeast quarter being designated by the 
l e t t e r a, the northwest by the l e t t e r b, the southwest by tho l e t t e r c , 
and the southeast by the l c t t o r d. Tho quarter sections have s i m i l a r l y 
been subdivided and numbered, and the subdivis ions f u r t h e r divided and 
numbered down to a ton-acre t r a c t . If more than one wel l occurs within 
a ton-acre t r a c t , tho wel l s are numbered consecutively from 1 . Thus, 
each well i s designated by soven or eight u n i t s . Tho f i r s t unit in the 
designation, c i ther the l e t t e r N or the l e t t e r S, indicates that the 
wel l i s north or south of the Mt. Diablo Base Line. Tho second and 
th i rd units in tho designation indicato tho Township and Rango in which 
tho well i s located . These f i r s t throo uni ts are soparatcd by hyphens 
and enclosed by parentheses. Tho fourth unit i s tho number of the 
scct ion; tho f i f t h , s i x th and seventh units indicato the quarter sect ion , 
quarter of quarter sect ion, and quarter of quarter of quarter scct ion 
in which the wel l i s locatcd . When an oighth unit appeals in tho ex-
press ion, i t designates a woll within a ten-acre t rac t which contains 
two or more w e l l s . This system of woll numbering i s i l l u s t r a t e d in 
tho accompanying sketch (Figure 3)* 
Geology 
General: Tho boundary betweon tho Groat Basin a,nd Mexican High-
land sections of the Basin and Range physiographic province runs across 
Las Vegas Val ley in Township 1 7 South. Thus, the north part of the 
v a l l e y l i e s in the Great Bas in , and the south part of the v a l l e y , which 
i s t r ibutary to the Colorado River , i s in the Mexican Highland. 
The v a l l e y i s bounded by h i l l s and mountains composed of Paleozoic , 
Mesozoic and T e r t i a r y rocks. The mountains forming the east and south 
s ides of the v a l l e y are apparently too low to act as catchment areas 
f o r large quant i t ies of p r e c i p i t a t i o n , and, there fore , contribute l i t t l e 
to the recharge of the water bearing formations. However, the mountains 
are composed of wel l -consol idated sedimentary rocks and dense igneous 
rocks which act as a b a r r i e r to movement of water from the v a l l e y . The 
mountain ranges north ajid west of Las Vegas a lso ajre composed of impermeable 
wel l -consol idated rocks ajid i t i s un l ike ly that any water f inds i t s way 
through them into the v a l l e y from the north and west. Thus, the area en-
closed by the drainage boundaries of the v a l l e y mny be considered as an 
i s o l a t e d ground water ba„sin. Tho Spring Mountain and Sheop Rajiges are 
l o f t y and intercept large quant i t ies of p r e c i p i t a t i o n in the form of 
snow and ra in and, thoroforo, are the sourcos of e s s e n t i a l l y a l l of the 
ground water which reaches Las Vegas Va l l ey . Those two ranges of 
mountains arc mado up of vast thicknesses of Paleozoic limestones in 
the aroas north and northwest of La.s Vegas. 
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Some of the limestone i s moderately cavernous. In the area wost and 
southwest of Las Vegas, the south part of the Spring Mountain Range i s 
composed of Mesozoic sandstone, limestone and shale over la in at the c res t 
of tho range by t h r u s t - f a u l t e d Paleozoic limestone. Both the Spring 
Mountain and the Sheep Mountain ranges are complexly fo lded and f a u l t e d . 
Two la rge a l l u v i a l f a n s , the Red Rock and Kyle Canyon fans , 
occupy the west s ide of the south part of Las Vegas Val ley and the large 
Corn Creek fan occupies the east s ide of the v a l l e y . A l l three of these 
fans head high up in tho mountains. They have steep slopes and broad 
bases or outer l i m i t s in the v a l l e y . The water table i s near the land 
surface and ar tes ian springs occur noar the base of each f a n . Numerous 
other smaller fans occur on a l l sides of the v a l l e y and a l l of the 
a l l u v i a l fans coalesce and l o s e the i r steep gradients at varying 
distances from t h e i r heads to form a r e l a t i v e l y l e v e l centra l v a l l e y 
f l o o r . 
The centra l f l o o r of the v a l l e y cons is ts of unconsolidated 
and poorly consolidated a l l u v i a l f a n mater ia ls and lake c l a y s . The 
a l l u v i a l fans are in contact with the older consolidated sediments at 
the surface about 4^00 f e e t above sea l e v e l . However, the underlying 
older fanglomerates extend upward in some of the deeper canyons of the 
Spring Mountain Range to much higher e l eva t ions . Deposits of th i s 
material as high as 3,500 f e e t above sea l e v e l in Kyle and Lee Canyons 
in the Charleston Park area indicate that the mountains were more deeply 
buried by alluvium at one time in the past than at present , and that 
most of the alluvium has since been removed by erosion. The boundary 
of the older rocks and the v a l l e y f i l l i s shown in the area covered 
by the map in Figure 1 . 
Nearly a l l of the ground water in Las Vegas Va l ley i s derived 
from the unconsolidated and poorly-consol idated a l l u v i a l f a n deposits 
forming the v a l l e y f i l l . Only small supplies are obtained from springs 
in the older wel l -consol idated bedrock. I t i s probable that l i t t l e can 
be dono to increase tho y i e l d of these spr ings , and t h e i r great distance 
from Las Vegas l i m i t s the i r f u r t h e n * u t i l i z a t i o n . Furthermore, i t i s 
poss ib le that much of the water from these springs f i n d s i t s way into 
the ar tes ian aqu i fe r s and i s eventual ly pumped from tho we l l s in the 
v a l l e y . 
Val ley f i l l : The a l l u v i a l g r a v e l , sand, s i l t and c lay which 
makes up the v a l l e y f i l l covers an area approximately 4o miles long 
and 1 5 miles wide and ranges in thickness from over 1200 f e e t to a 
featheredge. In the southern part of Las Vegas Val ley , numerous logs of 
the materials have been recorded and several t y p i c a l logs are included 
in Table 1 and in Figures 4, 5 and 6. They show that c loy , sandy clay 
and ca l iche mako up by f a r the l a r g e s t part of the v a l l e y deposits near 
the lower ends of the a l l u v i a l f a n s , and that only in f requent ly l a y e r s 
of sand and gravel ranging from about 1 foot to 20 f e e t in thickness 
occur. Also, the logs show that these l a y e r s of sand and grave l are 
l e n t i c u l a r and thin out rap id ly toward the v a l l e y . I t i s probable that 
most of the sand and grave l lenses are l imi ted in hor izontal extend and 
are more or l e s s imperfect ly interconnected. 
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Although i t i s d i f f i c u l t to recognize d e f i n i t e bods of narked 
hor izonta l extent , a dein-e, s t i c k y , gray-bluo to drrk-bluo c lay which 
ranges from 10 f e e t to 60 f e e t in thickness and averages about 20 f e e t 
in thickness was penetrated at a depth of approximately 450 foot in w e l l s 
i n t h e v i c i n i t y of La? Vegas. 
More than 3/4 of the we l l s in Lns Vegas Va l l ey draw water 
from three sand and grr.vel lenses occurring above the blue c l ' y . This 
group of a o u i f e r s occurs at approximate depths of 250 f e e t , 300 f e e t 
and 350 to 400 f e : t ^nd i s designated as the Shallow Zone of Aouifers 
in Figure? 4, 5 and 6. 
Another zon^ of a c u i f e r s under l ies the blue c l a y horizon and 
occurs at depths from 500 f e e t to 675 f e e t . This gmup of a q u i f e r s i s 
designated as the Middle Zone of Aquifers in Figures 4 , 5 ^ d 6. 
Several wel l s of l r r g o y i e l d have penetrated a o u i f e r s i n t h i s zone. 
A few we l l s d r i l l e d to depths of more thm 675 f e e t have 
encountered thin water-be r ing sand and grave l lenses at approximately 
700 f e e t , 750 f e e t , 325 and S50 f e e t , md two w e l l s have pcret ra tod 
aqu i fe r s at 1 1 0 0 and 1250 f e e t . A l l a o u i f e r s below 675 f e e t have been 
included in the Deep Zone of Aoui fers in F igures 4 and 6. 
Although th^ grr.vel and sand deposi ts are thin *\nd d i s -
continuous in the v r l l c y at the lower edge of the .a l luv ia l f a n b e l t , 
they become continuously th icker toward the heads of the f a n s . 3etwoen 
the c lovat ions of 5,000 f e e t and 8,500 f u e t above sea l e v e l the a l l u v i a l 
deposits are near ly r-11 sand and grave l with only occas ional lenses of 
s i l t y sand, s i l t and c l a y . 
In genera l , the a l l u v i a l mater ia l s are l o o s e l y cemented or 
uncementod except near tho sur face whero thoy arc g e n e r a l l y t i g h t l y 
cemented with c a l i c h e . However, only the recent ly deposited s u p e r f i c i a l 
mater ia l s are t o t a l l y unconsolidated. 
I t i s probable t'*at most of the m a t e r i - l s making up the v a l l e y 
f i l l wore deposited in l a t e T e r t i a r y time m d that r e l a t i v e l y small 
amounts have been deposited during tho Recent epoch. P le i s tocene Lako 
c l a y s which occur north of Las Vegas are not covered with a l l u v i a l 
mater ia l and have been renovod from most of the v a l l e y f l o o r . 7o evid-
ence has been found indicat ing that the v l l c y f i l l has boon displaced 
by f a u l t i n g or f o l d i n g and apparently i t l i e s at i t s i n i t i a l dip every-
where in Las Vogas V a l l e y . 
Table 1 . Typical logs of mater ia l s penetrated by we l l s 
Las Vogas D i s t r i c t 
(Logs from w e l l s on a l i n o s t a r t i n g 1 - n i l c s 
west of the a r t e s i a n spring zone and extending 
about 3 r . i los eastward. (Seo Figure 6 ) . 
Well (S-20-60) 3$ dbb. M. D. Kidder 
(Dr i l l ed by Floyd Francis in 1925) 
thickness Depth 
(feet) (feet) 
Clay and lime conglomerate 2 2 
White c lay 1 3 1 5 
Caliche 4 1 9 
Clay with ca l i che fragments and nodules 5 24 
Yellow sandy c lay 86 1 1 0 
Red sand 8 1 1 8 
Sandy c lay 30 148 
Cemented g r a v e l , water-bearing 72 220 
Uncemented g r a v e l , water-bearing 2 222 
Cemented g r a v e l , water-bearing * 54 276 
Uncemented g r a v e l , water-bearing 4 280 
Cemented g r a v e l , water-bearing . 27 307 
Loosely cemented gra.vel, wa.ter-bearing 63 370 
"Limerrock, bad to wash into w e l l " , water - bear ing. . 1 37 1 
Uncemented g r a v e l , water-bearing l4 385 
Cemented g r a v e l , water-bearing ' . . . . . 385 
Well ( S - 2 1 - 6 1 ) 6 aca 1 . J . R. & Ar l ine Edmonds 
( D r i l l e d by Pat Thompson in 1 9 4 l ) 
Thickness Depth 
( f e e t ) ( f e e t ) 
Cal iche 30 30 
White c lay 20 50 
Cal iche 1 0 60 
Red c lay 40 100 
Cal iche 5 105 
Red c lay 40 l 4 $ 
Caliche 20 160 
Red Sandy c lay 90 250 
"Hard sandstone" 5 255 
Sand and g r a v e l , water-bearing 33 288 
Well (S-20-61) 3 1 dcc. Las Vegas Land & Water Co. 
( D r i l l e d by Hall-Baker Explorat ion Co. in 1942) 
Thickness Depth 
( f e e t ) ( f e e t ) 
Cal iche, small amounts of c l a y , sand and g r a v e l . . . 80 80 
Clay, l i t t l e c a l i c h e 30 HO 
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Well (S-20-61) 1 1 dcc. Las Vegas Land & Water Co.(Cont 'd.) 
(Dri l led b / H o l l - B r k e r Exploration Co. in 1$42) 
Thicltaess Denth 
( f e e t ) ( foet ) 
Caliche, some c lay 75 185 
Clay, some caliche 15 200 
Caliche, l i t t l e c lay and sand 10 210 
Clay, l i t t l e sand and gravel 30 240 
Caliche, some grave l 20 
Clay, l i t t l e ca l iche aad gravel 30 290 
Gravel, some smd and l i t t l e clay;w;-ter-boaring. 100 390 
Clay, some gravel and l i t t l e sand 1 1 0 500 
Clay, some sand and gravel . 80 610 
Gravel, seme sand and l i t t l e c lay ;water-bear ing . l^O 800 
Clay, l i t t l e sand and gravel 20 820 
Gravel, considerable amounts of sand and c lay 
in upper & lower pr r t r of u r i t ;water -baar ing . 100 $20 
Clay, l i t t l e sand and gravel 1 1 0 IO3O 
Sand; water-bearing 20 1050 
Cl?y, l i t t l e sand * 0 1090 
Gravel , l i t t l e sand; water-bearing eO 1 1 5 0 
Clay, l i t t l o gravel 100 1250 
Woll (S-20-61) 32 ddd 1 . H. D. Gerkon 
(Dr i l l ed by Janes L. F i lby in 1939) 
Sandy Loam 
Cali cho 
VHiite Clay 
C l i c h e 
Gravel and clay 
Rod. Clrsy 
Caliche 
't^hitc Clay 
Caliche 
^ i t e clay 
C l i c h e and clay 
Gravel and clay 
Rod c lay 
Grrvc l , l i t t l e c l a y ; water-be*ring 
Gravel . . 
Rod d r y 
Gravel , wa.ter-bearing 
Cemented g r a v e l , water-bearing . . 
T h i c k e n s Depth 
( f e e t ) ( foe t ) 
7 7 
8 1 5 
3 18 
7 25 
2 27 
1 28 
45 73 
5 78 
1 79 
34 1 1 3 
1 5 3 266 
1 3 279 
4s 327 
8 335 
7 3^2 
3 345 
1 0 355 
55 410 
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Well (S-20-61) 23 cdc. C. A. Jones 
(Drilled, by Pat Thompson in 1940) 
Thickness Depth 
(feet) (feet) 
Surface s o i l , c lay 1 2 1 2 
Caliche, white c lay 3% 50 
Red smdy clay 50 100 
Red d r y , streaks of red sand . 1 S 2 
White sand, water-bearing IS 300 
Red clay 50 350 
Gravel 1 0 360 
Red c lay 40 400 
Red sand 32 
White sand, water-bearing IS 4^0 
Red c lay 42 492 
Blue clay 492 
Well ( S - 2 1 - 6 1 ) 4 aad. Opaco Lumber & Realty Co. 
(Dri l led by Lloyd Pierce & J . A. Anderson, J r . ) 
Thickness Depth 
( f e e t ) ( f e e t ) 
Top s o i l 7 7 
Sand 3 1 0 
Yellow clay 30 4o 
Caliche 30 70 
Cement gravel . . . . . . . . . . 5 75 
Caliche 1 5 90 
Yellow s i l t 60 150 
Calichc 40 190 
Cemont grave l 5 190 
Caliche 20 215 
Red clay 35 250 
"Brown hardpan" 5 255 
Red c lay 45 300 
Red sand, water-bearing 1 0 3 10 
Red c lay 360 
Red "hardpan" * 20 360 
Rod c i l t y c lay * 50 430 
Rod "hardp'gi'.' 1 0 44o 
Red sand 5 ^ 5 
Red "hardpan" 1 5 460 
Blue c lay 50 510 
Caliche 1 0 520 
Red s i l t y clay 30 550 
Rod sand, water-bearing . 1 0 560 
Red s i l t y clay 1 0 570 
Gravel and red sand, water-bearing . 30 600 
Layers of red sand (water bearing) and s t i cky red 
c lay 193 793 
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Las Vegas D i s t r i c t 
(Logs from wells in the east part of the d i s t r i c t 3 to 4 r . i los west 
of the ar tes ian spring zones. (See Figures 4, 5 pjid 5 ) . 
Woll (S-20-61) 34 dbb 1 . P. L. Goumond 
(Dr i l l ed b;/ Evans D r i l l i n g Co. in 1^40) 
Thickness Depth 
( f e e t ) ( f e e t ) 
S o i l , c lay and cr l i cho 30 30 
Yellow clay 1 30 160 
Sand, water-bearing 5 165 
c i ^ 55 220 
Clay and gravel 20 240 
Clay and rock 200 440 
Blue c l - v ("bentonite" in f i l l e r ' s log) 25 465 
Red clay 85 550 
Sand 1 0 560 
Red clay 40 600 
Sand, water-bearing 10 610 
Rod c lay 28 638 
Well (S-20-61) 27 aaa 2. R. B. Saunders 
(Dr i l led by Janes L. F i l b y in 1940) 
Thickness Depth 
( f e e t ) ( f e e t ) 
Sandy loam 4 4 
Gravel and sand 4 g 
Caliche 7 1 5 
Clay 1 0 25 
Gravel 2 27 
Clay and ca l iche 23 50 
Red c lay 40 90 
Green c lay 2 92 
Red c lay 22 l l 4 
"Broken l ime" , water-bearing 4 1 1 8 
Red clay 7 125 
Red c lay and ca l i che 25 1 50 
Caliche 25 1 7 5 
Rod c lay and ca l i che 1 0 185 
Rod c lay 5 190 
Sand and grave l , water-bearing 1 0 200 
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Well (S-20-61) 26 bbb 1 . City of Las Vegas 
( D r i l l by 2vans Dr i l l ing Co. in 1936) 
Thickness Depth 
(feet) (feet) 
No record. 258 258 
Red sand, water-bearing 1 5 273 
Red sandy clay 1 3 286 
Gravel 2 288 
Red sandy clay 4 l 329 
Sand 1 0 339 
White and yellow c lay 98 ^37 
"Sand rock" 1 438 
Sandy clay 1 2 450 
Bluo clay 42 492 
Yellow clpy with 3 thin water-bearing l ayers . . . . . 4o 532 
Yellow clay 232 764 
Gray c lay 26 790 
Gray clay and rod sand 8 798 
Sand, water-bearing 4 802 
Yellow c lay 6 808 
Sand, l i t t l e yellow c lay , water-bearing 4 812 
Las Vegas D i s t r i c t 
(South part of d i s t r i c t in Township 22 south) 
Ve i l (S-22-61) 1 dac. Y. Tomiyasu 
(Dr i l led by Janes L. F i lby in 1 9 1 1 ) 
Thickncss Depth 
( f e e t ) ( f e e t ) 
Conglomerate . . . . . 4o 40 
Clay 94 134 
Gravel and sand, wator-bearing l 4 l48 
Gravel and clay 1 5 163 
"Cemented rock" 
Gravel and sand, water-bearing . 203 
Well (S-22-61) 3 bda. G. G. Hair 
(Dri l led by H. D. Taylor in 1925) 
Thickness Depth 
( f e o t ) ( f e e t ) 
8 8 
9 
14 23 
28 
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Well (S -22-6 1 ) 3 bda.. 3 . G. Hair (Cont'd) 
(Drilled by H. D. T r y l o r i n 1 9 2 5 ) 
Thickness Depth 
(feet) (feet) 
White c lay 20 48 
Rod c lay 53 1 0 1 
Caliche 4 105 
Clay 9 
Caliche - 1 H 5 
Clay 63 17S 
Caliche 2 ISO 
Clay 2 190 
Caliche 5 195 
Clay 5 200 
Conglomerate 20 220 
Cl?y 30 250 
Conglomerate 77 327 
Gray "sh-^le" 1 3 3^0 
Red " s h r l c " 1 2 352 
Red c lay IS 370 
Gravel and sand, water-bearing 4 37^ 
Well (S -22-6 1 ) 1 cdc 1 . Ed Von Tobel 
( D r i l l e d by James L. F i l b y in 19 14) 
Thickness Depth 
( f o . t ) ( f e e t ) 
Clay 
"Conglomerate", water-bearing 
Caliche . 
Yellow c lay . . . . . . , 
Cemented g r a v e l , water-bearing 
Clpy 
Woll (S-22-62) 1 acc. T. A. Wolls 
( D r i l l e d by Evans D r i l l i n g Co. in 1 ^ - 2 ) 
Thickness Depth 
( f e e t ) ( f e e t ) 
No record 435 435 
Blue c lay 1 6 4 5 1 
Cnliche 49 500 
Clay, some ca l icho nodules 100 600 
Brown c lay 100 700 
Brown and red c lay 105 SO5 
Gray and black sand, water-bearing 55 860 
leO 
1 2 0 
2 
10S 
52 94 
160 
2S0 
282 
390 
442 
536 
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Well (S-22-6l)20 Add 1 . J . Bunch, L . Notherton, & 
L. Thurman 
(Dri l led by P^ Conn in 1 ^ 3 ) 
Thickness Depth 
( f e e t ) ( f e e t ) 
Soi l 5 5 
Cemented gravel 1 0 
Red c lay 77 92 
Yellow clay Tnd gravel ^ 98 
Red c lay 42 l4o 
Brown sandy clay 30 170 
Brown and red c lay 1 5 185 
Brown and gray c lay 19 204 
Caliche 1 205 
Brown clay 195 ^00 
Sand, cemonted 1 2 4 l 2 
Sand, water-bearing 3 ^15 
Sand, cemented 1 5 ^30 
Sand, cementod and water-bearing 28 4 $8 
Tule Springs Di s t r i c t 
Well (S-19-60-) 9 bdd. P. J . Goum.ond 
(Dr i l l ed by 3 . W. Brocknan in 1943) 
Th?c*:ness Depth 
( f e e t ) ( f e e t ) 
Yellow and brown c lay 77 
White c lay , few thin gravel l a y e r s 18 95 
Brown clay , few thin gravel l a y e r s 1 5 HO 
Gravel , water-bearing 2 1 1 2 
Brown c lay , few thin ^r**vel l a s e r s I S 1 30 
Gravel, water-bearing 2 1 3 2 
Brown c lay , few thin gravel l a y e r s 54 1S6 
Brown clay and " sha les " 29 215 
Brown c lay 49 264 
Hard cemented g rave l 6 270 
Sand-, water-bearing 17 287 
Cemented gravel . . . . . 1 5 302 
Yellow c lay 8 3 10 
Cemented gravel 23 332 
Yellow clay 1 3 346 
Cemented gravel 19 3&5 
St icky brown c lay 60 425 
Hard cemented grave l 1 0 433 
Gravel , water-bearing 2 ^35 
Hard cemented grave l 34 - 4b9 
Sand, water-bearing 3 ^72 
Cemented gravel 26 -!-98 
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Well (S-19-60) 9 bdd. P. J. Goumond (Cont 'd.) 
(Drilled by E. Brock-nan in 1943) 
Thickness Depth 
(feet) (feet) 
Cemented grave l , water-bearing 2 500 
Cemented gravel 1 8 $18 
Cemented gravel - water -bear ing 2 520 
Cemented gravel . . . . . I j 533 
S?nd, water-bearing 19 552 
Cemented gravel . . . . . 1 3 5^5 
Cemented grave l , water-bearing 5 570 
Cemented gravel 17 5%7 
Cemented grave l , water-bearing 6 593 
St icky Brown c lay 88 681 
Cemented g r a v e l , water-bearing . 6 687 
Brown clay . 3 690 
Cemented grave l , vater-bear ing 1 5 705 
Brown md red c lay 1 0 7 15 
Cemented gravel 30 745 
Cemented grave l , water-bearing 1 2 757 
Cemented gravel 40 797 
S nd, wrter-bearing 1 3 810 
Cemented gravel 1 9 1 1001 
Ve i l (S-19-60) 23 bbc. G i l c rease , E. A. 
(Dr i l led by E. 7 . Brockman in 1944) 
Thickness Depth 
( f e e t ) ( f e e t ) 
No record 280 280 
Light-tan clay ; 5 285 
Light-tan c lay , nodular 55 340 
Light-tan clay l4o 480 
Light-tan c lay , nodular 20 500 
Light-tan clay 50 550 
Light-tan clny, numerous granules and few ca l iche 
pebbles, water-bearing 20 570 
White clay 30 600 
Light-gray clay 1 2 612 
Dark-grry clay 8 620 
Gray c lay , few granules 7 627 
Gr^y s i l t and c lay , l i t t l e carbonaceous mater ia l . . 1 3 640 
White clay 10 650 
Light-pink clay 6 655 
Bluigh-grny clay md s i l t , l i t t l e carbonaceous 
material 35 690 
Light-tan clay 20 7 10 
Light-tan c lay , l i t t l e ca l iche 1 0 720 
White s i l t y clay 10 730 
Gray c lay , s t i cky md p la .r t ic 10 740 
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Well (S-19-60) 23 bbc. Gi lcrease (Cont'd 
Thickness Depth 
(feet) (feet) 
Light-gray , marly c lay . 7 7^7 
Gray c l ^ , l i t t l e carbonaceous material 43 790 
Gray clay 1 0 800 
White marly clay 5 807 
Brown gypsi ferous s i l t y c lay 1 2 819 
Light-pink clay 38 857 
Light-green-gray and pink mottled c lay . . . . . . 23 880 
Tan c l a y , granules 20 900 
Tan and l ight-green mottled c lay 10 910 
The shallow ground water 
Water i s f i r s t encountered in dug and d r i l l e d wel l s in the 
v i c i n i t y of Las Vegas at depths ranging from one to f i f t y f e e t . Through-
out the v a l l e y at e levat ions below about 2100 f e e t water i s f requent ly 
near enough to the sur face to support such plants as rushes, s a l t g r a s s , 
wi l lows, mesquite, and other phreatophytes. Near Henderson, west of 
Tule Springs, south of Las Vegas along the Los Angeles Highway and on 
other high portions of the a l l u v i a l slopes the f i r s t water occurs at 
depths of 50 to well over 100 f e e t below the sur face . The upper sur face 
of th i s f i r s t water encountered i n - ^ e l l s i s re fer red to in th i s report 
as shallow ground water and the water tab le , although i t i s under s l i g h t 
a r tes ian pressure in some instances . I t i s l o c a l l y r e f e r r e d to as 
" sur face water . " 
Very l i t t l e use has been made of th i s shallow ground water 
because i t does not y i e l d f lowing we l l s , becauso i t i s genera l ly highly 
mineralized and because i t i s subject to b a c t e r i a l contamination. The 
water i s so close to the sur face that i t has made d i f f i c u l t road bui lding 
and the construction of basements and other excavations in some parts 
of the c i t y . L i t t l e data on f l u c t u a t i o n of the water tab le in Las Vegas 
Va l ley has been co l l ec ted . However, in October, 1944, and in February 
1945, br ie f inventories of water table we l l s and springs were made by 
the wr i ters and the depth to the water table in most of southern Las 
Vegas Val ley was measured or estimated. Figure 1 shows tho approximate 
depth to the shallow ground wa.ter in most of the v a l l e y . 
Two water table we l l s along U. S. Highway 91 . south of Las 
Vegas, have been measured monthly by tho State Engineer s ince September, 
1938. Hydrographs of theso wel ls are shown in Figure 7 B. These 
hydrographs show a continuous year ly decl ine in water l e v e l during the 
ent i re period of record. Furthermore, the seasonal f l u c t u a t i o n s are 
s t r i k i n g l y s imi lar to seasonal f luc tuat ions in the a r te s i an wel l s 
(Figures 7 A, S and 9) . Thoy show decl ines fol lowing tho year ly period 
of heavy d r a f t on the a r tes ian a q u i f e r s , at which time hydrographs of 
the water l e v e l in a r tes ian wel ls a l so show decl ines . This s i m i l a r i t y 
in both seasonal and long term f luc tuat ions as shown i n the hydro-
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graphs of water l e v e l s in tho two types of we l l s may indicato that the 
water table i s maintained by water seeping upward from tho a r t e s i a n 
a q u i f e r s . 
Natural disci"arge from the water tab le occurs throughout the 
year through seeps and small springs in Las Vegas If ash, md near tho 
base of the benches extending north and gouth of Las Vegm. The ground 
w t e r probably i s evaporated or t ranspired over a l l parts of the v a l l e y 
where the water - tab le in l.*3s than 40 f e e t from the ground s u r f a c e . 
Although s u f f i c i e n t data, to estimate the mount of na.tural discharge 
from the water tab le i s not yet a v a i l a b l e , i t appears probable that the 
amount i s l a r g e . 
Some of t h i s water might be pumped f o r stock-wate ing, i r r i g a t i o n 
- and cool ing. The n u m t i t y of such wrter a v a i l a b l e may be determined by 
adequc-te pumping t e s t s and other s tud ies . The oual i t * of the water in 
most l o c a l i t i e s prec lu-cs i t s use f o r domestic and most industrial 
purposes without expensive treatment. (Table 2 ) . Intens ive study d i r e c t -
ed toward determining the amount of natural discharge md a l l f a c t o r s 
concerned with p o s s i b l e u t i l i z a t i o n of shallow ground wr.tor has been 
i n i t i a t e d md w i l l bo continr.ed. 
Table 2 
Chemic?l analyses of the shallow ground water 
in Las Vegas Val ley 
Analyzed by Univers i ty of Tovada., Agr i cu l tura l Experiment Stat ion 
Par t s per m i l l i o n ^ ^ ^ ^ 
'Vell number 1 2 3 4 5 
Date of c o l l e c t i o n 
S i l i c a (SiOp) 
Iron (Fe) 
. 35 37 71 
1 
Sodium (ra) . . . . 
Potassium (K) . . . . 
187 
607. 1 
1 4 7 . 2 
146 .7 
66.2 
56.6 
1 8 7 . 6 
50.7 
1 0 1 . s 
9-9 
297 
4 .8 
Bic^rbonato (HCO )^ 
S u l f a t e (SOI). ) 
Chloride (Cl) . . . . 
F luor ide ( f ) . . . . 
N i t r r t e (F0-<) . . . . 
. 220 
. 1 1 6 
. 3 
202.9 
3838.5 
287.9 
444.4 
694.6 
1 9 . 4 
328.9 
325 .9 
2 0 5 . 1 
197 
. 5 
Dissolved so l ids 4oo 6332 1462 1 1 0 3 2827 
Total hardness as CaCO^ 266.1 2956. 1 969.5 676.3 1 - 1 0 
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1 / Nams and locat ion of wel ls from which samples were t a rcn aro l i s t e d 
belov/ by number. 
Tame 
1. Public Service Commission 
2. Shallow dug well . .analysis 
taken from Hardnan ).2^-26(5) 
3. Shallow dug w e l l . Analysis 
tajcen from Cu'osnter, chart 
facing p. 30 (3) . 
Hunt - McGriff 
5. A. B. Bishop 
Location 
N?^ S. 28, 5 . 21 R. Si E . 
S. 27, T. 20 S. 6l E. 
1000 f e e t nort^ecs^ of no. 2 
S. 16, T. 22 S., R 6l 3 . 
S. 28, T. 21 S, R 62 E. 
Artesian water 
General: Practically all of the water used in Las Vegas Valley, 
except that pumped from Lake Mead to the magnesium plant at Henderson, 
is obtained from artesian wells and springs. The aquifers which supply 
this confined water arr' beds of sand and sand and gravel separated by 
confining beds of clay and silty clay. The water enters the aquifers 
several hundred feet above the floor of the valley and is trapped by the 
overlying clay beds. 'Then wells are drilled through the confining beds 
in the valley the water tends to rise to the level of its surface in the 
upper portions of the apuifors, thus producing flowing wells at the 
lower elevations. 
On the bas i s of the geologic and hydrologic conditions in 
Las Vegas Val ley , four ground-water d i s t r i c t s have been outl ined (see 
Figure l ) . From north to south these d i s t r i c t s are: ( l ) The 1'orth Las 
Vegas Val ley D i s t r i c t including a l l of the v a l l e y north of the north 
boundary of Township 19 South and south of Indian Springs. This d i s t r i c t 
covers the Owens Dry Lake area, most of the area tributary* to Lee Canyon 
in the Spring Mountain Range, and most of the area t r i b u t a r y to the 
Sheep Mountain Range. I t i s noh shown in Figure 1. (2) The Tr ie 
Springs d i s t r i c t including a l l of Towns' ip 19 South, R-nge 60 Eas t . 
This d i s t r i c t covers the ba.se of the Kyle Canyon far. and most of the 
w e l l s ' d r i l l e d on t h i s f a n . (3) The Mid-valley d i s t r i c t including 
Township 20 South, Range 62 East , tho northeast part of T c r s h i p 21 
South, Range 62 Eas t ; tho southwest part of Township 21 South, Range 63 
East , and the northwest corner of Township 22 South, Range 63 Eas t . This 
d i s t r i c t includes most of tho area where attempts to obtain ar tes ian 
water have not been s u c c e s s f u l , and, there fore , where tho chief potent ia l 
l o c a l supply of ground water i s from tho water table . (4) The Las Vegas 
d i s t r i c t including the west hal f of Township 20 South, Range 60 E a s t , 
the west half of Township 21 South, Range 60 East ; a l l of Township 20 
South, Range 6l East ; a l l of Township 21 South, Range 6l East ; the north-
east corner of Township 21 South, Range 62 E a s t ; and the north part of 
Township 22 South, Ranges 6l and 62 Eas t . The Las Vogas d i s t r i c t covers 
the lower part of the Red Rock a l l u v i a l f an and several smaller fans in 
the extreme south end of the v a l l e y . 
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The most extensive ground water development has taken place 
in the Las Vegas and the Tule Springs d i s t r i c t s . Over 400 ar tes ian 
wel l s have been d r i l l e d md more than 3 ^ are now in use in the Las 
Vegas d i s t r i c t . Five wel ls arc i n use in the Tule Springs d i s t r i c t . 
Figures 4 , 5 and 6 show several t y p i c a l logs of we l l s in the 
Las Vogas d i s t r i c t . Most of these logs are described i r Table 1 . 
Careful study of these and other logs sho^ that the a o u i f e r s are 
r e l a t i v e l y thick und composed of very permeable material from the 
general location of tho Lar. Vegas springs westward, whereas eastward 
the aoui fers rapidly become thinner and are composed of l e s s permeable 
mater ia l . I t i s l i k e l y that the occurrence of the -''est. rnmost edge of 
the blue clay horizon described in the sect ion on geology mcy also be 
c l o s e l y re la ted to th is d i f f e r e n c e in permeabi l i ty . This condition i s 
a l so shorn in the logs of wells in the Tule Springs area , -here the 
logs south and east of Tule Springs show l e s s permeable, thinner 
aoui fers (Talbe I . ) . Ti.nis charge in geolo i c condition i s r e f l e c t e d 
in the general behavior of water in wel ls in the two d i s t r i c t s . In 
the v i c i n i t y of the a r t o s i m spring zones, l a rge f lows of wajcr are 
obtained from w e l l s , a l thor ,h the pressure in the wel ls may be low; 
whereas eastward from the a r tes ian spring zones even we l l s with 
extremely high pressures y i e l d r e l a t i v e l y small amounts of water. 
In the south part of the Las Vegas d i s t r i c t , we l l s seem to 
penetrate l e s s permeable and thinner aou i fe r s and f r e e f low from wel l s 
i s general ly smaller although t'-'o wel ls in the area y i e l d reasonably 
large f lows . Also the temperature and nual i ty of the water from wel l s 
in th i s area d i f f e r s considerably from th j temperature and oual i ty of 
water from wel ls in the northern and central parts of the d i s t r i c t . 
Further study and observation of geologic md hydrologic conditions 
in Township 22 South, Range 6l East and in tho southwest part of Town-
ship 21 South, Range 62 East may show that t h i s area should be considered 
as a separate ground-wrter d i s t r i c t . 
Invest igat ion of the artes ian conditions in the Torth Las 
Vegas Val ley d i s t r i c t md in the Mid-vrl ley d i s t r i c t has been i n i t i a t e d 
and w i l l be continued. The* are not discussed in d e t a i l in th is report . 
A i a l i t y of the " a t o r : Tables I I I , IV md V are compilod 
from .chemical analyses of wator from 42 wel l s md springs i n tho Las 
Vegas and Tule Springs d i s t r i c t s . The temperature of the wators from 
the wel ls i s a l so shorn in tho t a b l e s . 
A program of c o l l e c t i o n , a n a l y s i s , and study of the o u r l i t y 
of water ha.s been i n i t i a t e d and w i l l be continued. 
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Table 3 
Chemical analyses of water from south part 
of Las Vegas D i s t r i c t 
Analyzed by Univers i ty of "evada, A g r i c u l t u r a l Experiment S tat ion 
Well number 1 * 2 1 4 * 5 
Date of Col lect ion 10/17/L'4 10/17/4L'. 10/ 17 /44 10/ 17/44 7 / 1 1 / 4 4 
S i l i c a (SiOg) 
Iron (Fe) 
25 
TR 
Calcium (Ca) 
Sodium (;Ja) 
Potassium (K) . . . . . 
1 3 4 . 2 
56.7 
2 . 3 
6 1 . 4 
3 1 . 4 
20 .2 
66.6 
33 .9 
7 . 3 
1 1 $ . 6 
50.9 
5 7 . 5 
177 
Bicarbonate (HCO )^ . . , 
S u l f a t e (SOh) 
Chloride (Cl) 
F luor ide ( f ) 
N i t r a t e (NO^) 
1 9 S . 2 
3 5 3 . 2 
3 0 . 2 
2 5 3 . 2 
1 0 1 . 2 
1 0 . 7 
226.9 
1 1 8 . 1 
8.8 
1 5 6 . 7 
4 i 4 . 5 
5 1 . 5 
207 
448 
94 
Dissolved so l ids . . . . 7 7 5 . 0 4 7 8 . 1 46 1 .7 850.7 . 1 0 1 8 
Total hardness ae CaC&^ . 568.0 282.2 1 3 9 . 0 507.7 6 7 2 . 1 
Temperature . . . . 76 75 70 82 77 
* Name and l o c a t i o n of wolls from 
below by number. 
Name 
1 . I r v i n 
2 . Hoover 
3 . Ferguson 
Sakai 
5 . T. Tomayasu 
h samples were taken are l i s t e d 
Location 
NE5 S. 2, T. 22 S . , R. bl E . 
NW^  S. 34, T . 2 i . S . , R. 6l E . 
S3t S. 29. T. 21 S. , R. 6l E. 
NITS S. 1 2 , T. 22 S . , R. 6l E. 
NB^ of the S E ? , ' S . 1 , T. 22 S . , R . 6 l E . 
-20-
Tablc 3 Cont'd) 
Parts per mi l l ion 
Vei l number 7 K 9 10 
Date of Collection 7/3/41 7/3/41 7 / 13/42 7/ 13/42 1 2 / 2 1 / 4 2 
S i l i c a (SiO^) 
Iron (Fo) ' 
21 
TR 
62 
TR 
37 
TR 
46 
TR 
Magnesium (Mg) . . . . 
Sodium (11a) . . . . 
Potassium (K) . . . . 
Lo 
. 55 
150 
44 
4o 
210 
50 
253 
148 
46 
5 1 1 \ 
66 
20 
25 
Bicarbonate (HCO )^ . . 
S u l f a t e (SOh) 
Chloride (Cl) . . . . 
Fluoride ( f ) . . . . 
Ni t rate (NO )^ . . . . 
. 207 
4^2 
10 
1 7 1 
453 
22 
1 1 7 
753 
284 
81 
1356 
136 
144 
134 
1 5 
Dissolved so l ids . . . . 882 863 1800 2360 371 
Total hardness as CaCO^ . 534 555.4 730 558.6 249 
0 Temperature F 84 76 
* Name and locat ion of wel ls from which samples wcro taken are l i s t e d 
"below "by number. 
Name Location 
6. HiddenTVell Ranch (small we l l ) MB^  S. 3, T. 22S. R. 6l E. 
7 . Hidden Vei l Ranch ( large we l l ) S ' ^ S. 3, T. 22S, R. 6l E. 
8. Cai;l Foster S. 1 , T. 22S, R. 62 E. 
9. Bunch Auto Court NW^  S. 27 .T. 2 1S , R. 62 E. 
1 0 . Whitney Hunicipr.1 Vei l SW^ S. 20,T. 2 1S , R. 62 E. 
/ 
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Table 3 (Cont^d) 
Part.s per million 
Well number 1 1 * 1 2 1 1 14 1 5 
Date of co l l ec t ion 1 1 /9/42 8/4/42 7/ 1 1 /42 ! 7 / 1 1 / 4 2 7 / 1 1 / 4 2 
S i l i c a (SiOg) 
Iron (Fe) 
. 35 1 2 
TR 
21 
TR 
36 
TR 
70 
TR 
Calcium(Ca) 
Potassium (K) . . . . 
. 98 
. 56 
1 1 0 
42 
18 
147 
50 
8 
79 
39 
33 
282 
1S8 
474 
BicaTbonate (HCO )^ . . 
S u l f a t e (SO^) . . . . 
Chloride (Cl) . . . . 
Fluoride ( f ) . . . . 
Ni trate (NO )^ . . . . 
. 176 
. 279 
160 
215 
20 
158 
392 
37 
195 
232 
20 
1 8 1 
i64 i 
460 
Dissolved so l ids . . . . 943 602 S05 580 3250 
Total hardness as CaCO^ . 474.6 447.2 572 .5 357.4 1475 .8 
Temperature °F 
* Name and locat ion of wel ls from which samples were takBn are l i s t e d 
below by number. 
Name Location 
1 1 . Roy'Cram S. 9. T. 22S, R. 62 3 . 
1 2 . Campbell Ranch SB?,S. 30. T. 2 1S , R. 62 3 . 
1 3 . Shaw Ranch NWS,S. 3 1 . T. 2 1S , R. 62 E. 
1 4 . Matsdorf Ranch SW ,^ S. 29. T. 2 1S , R. 62 E . 
1 5 . Whitney ^ater Assoc. HE^.S. 28, T. 2 1S , R. 62 E. 
- 2 2 -
Table 4 
Chemical analyses of water from north part 
of La.s Vegas D i s t r i c t 
Analyzed by Univers i ty of 1'evada, Agr icultura l Experiment Strt ion 
F a r t s per mi l l ion 
Ve i l numbor ]* 2 3 4 5 
Date of co l l ec t ion 10/18/44 10/17/44 IQ/^'/V' 10/18/44 10/23/44 
S i l i c a (SiOp) 
Iron (To) 
Calcium (Ca) ho 46.2 4? 29.4 
Magnesium M 25.9 23 .6 24.6 25 .5 25 .5 
Sodium (Na) 4.6 9 .2 6 . 2 5 .9 4 .8 
Potassium (K) 
Bicarbonate (CHO )^ . . . . 237 .9 204.4 226.9 24 1 .9 237.9 
Su l fa te (SO^) . . . . . . 35 .6 39.8 32 .2 32 .9 32 . 3 
Chloride (Cl) 5 . 3 5 . 3 7 . 1 6 . 2 7 . 1 
Fluoride ( f ) 
Nitrate 
Dissolved so l ids 35S.7 322 .3 343*2 3$ 1 .4 357 .0 
Total hardness as CaCO^ . . 229.7 196.8 216.4 2 2 7 . 1 1 7 8 . 1 
Temperature °F 71 70 74 71 70 
* Name and locat ion of wel ls from which samples were taken are l i s t e d 
below b y number. 
Name Location 
1 . But ler Ranch SW ,^ S. 20, T. 20, R. S i E. 
2 . Frank Jameson NWt, S. 2 1 , T. 2 1 , R. 6l E . 
3 . J u l i a Russel l SEt, S. 29, T. 20S, R. 6l E . 
4 . Oppedyke Ranch y.^i, S. 20, T. 20, R. 6l E. 
5 . Syndicate #5 S. 1 9 , T. 20, R. 6l E. 
-23-
Table 4 (Cont'd) 
^ e l l number ^ $ 7 g 3 _ _ 1 0 
Date of co l lect ion l/l')/!'-5 10/17/': ' ! P/l6/4^ 2/16/45 
S i l i c a (SiOg) 
Iron (Fe) 
Calcium (Ca) 43 3 1 . 4 45 46 .2 46 
Magnesium (Mg) 22.6 26.6 24.2 25.4 26 . 1 
Sodium (Na) 1 0 . 1 29.2 1 1 1 1 . 3 H * 7 
Potassium (K) . . . . . . 
Bicarbonate (PCO3) . . . . 220.g 236 . 1 222.6 23^.8 2 1 1 . 7 
Su l fa te (SO^) 3 I . 3 ^5.9 38.g ^0 .3 30 .2 
Chloride (Cl) 6.0 7 . 1 8.8 7 . 1 5 . 3 
Fluoride ( f ) 
Nitrate (NO )^ 
Dissolved sol ids 333 .g 376.4 350 .4 365 . 1 352.0 
Total hardness as CaCO^ . . 200.2 187 .6 2 1 1 . 7 2 19 .6 222.0 
Temperature °F 74 72 72 77 
*Name and locat ion of wells from which samples were taken are l i s t e d 
below by number. 
Name Location 
6. T. Thebo SW ,^ S. 1 2 , T. 20, R. 6l E. 
7 . Wm. E l l i s r - ' t . S. 4, T. 2 1S , 6l E. 
8. G. McAfee S. 9, T. 2 1S , R. 6l E. 
9. R. B. G r i f f i t h NE?, S. 32, T. 20S, R. 6l E. 
1 0 . Sky Haven Airport N?^, S. 18 , T. 20S, R. 6 l . 5. 
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Table 4 (Cont'd) 
Parts per mil l ion 
Well number 1 1 * 1 2 1 3 14 15 
Date of co l lect ion 1/ 19/45 1/ 19/45 1 / 19/45 1 / 19/45 
S i l i c a (Si02) 
Iron (Fe) 
47 .6 
25 .5 
3 .7 
32.4 
1 7 . 7 
49.9 
28.4 
18 .9 
1 1 . 0 
4 i . 4 
22.8 
1 7 . 0 
44 
25.9 
i o . 4 
Bicarbonate (ECC^) . . . . 
Su l fa te (SO).;.) . . . . 
Chloride (Cl) 
Fluoride ( f ) 
Nitrate (NO )^ 
242.2 
33 .9 
6.0 
1 5 2 . 5 
1 23 .8 
6 .2 
1 6 1 . 6 
26.3 
8.8 
222.6 
37 . 2 
9.6 
233.0 
36.0 
7 . 1 
363.9 382.5 255 350.6 356.4 
Total hardness as CaCO^ . . 223.6 1 5 3 . 6 148.5 197 .0 2 16 .2 
Temeperature °F 70 83 69 74 69 
*Name and location of v e i l s from which samples were taken are l i s t e d 
below by number. 
Name Location 
1 1 . E. B. Coram SE^. S. 1 9 . T. 20s, B. 61 E . 
1 2 . Leigh .Hunt S. 2, T. 21S, R .6 l E . 
1 3 . S. H. Craner XEi. S. 34. T. 21 S. R. 61. E 
1 4 . Opaco Lumber Co. NEi, s . 4 , T. 2 1S ,R .S l E. 
1 5 . A. C. Delkin s . 36. T. 20p,.B. 61 E. 
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Table 4 (Cont'd) 
Parts per million 
Well number 16* 17 18 19 20 
Date of c o l l e c t i o n io/is/44 5/5/41 5/1/41 6/14/35 10/2/42 
S i l i c a (SiOp) 
Iron (Fe) 
15 
TR 
13 
TR 
37 
TR 
10 
TR 
Sodium (Na) 
4g.4 
. 25 
5.7 
60 
17 
15 
5" 
^ 
57 
9 
33 
60 
19 
11 
Bicarbonate (HC0?\ 
S u l f a t e (SO^) . . . ] ! 
Chloride (Cl) 
F luoride ( f ) 
Ni t ra te (NO3) 
. 2 3 6 . 1 
. 33.3 
5.3 
244 
34 
1 2 
237 
45 
7 
232 
22 
28 
220 
45 
13 
Dissolved so l ids . . . . 353.s 255 245 335 265 
Total hardness as CaCO^ . 223 .5 219.7 1 9 6 . 5 179.4 279.9 
8 Temperature F . . . . 72 71 71 
*Name end locat ion of we l l s from which samples were taken are l i s t e d 
below by number. 
Name . Location 
1 6 . E. J . K i l l e r SE^, S. 29, T. 20S, 3 . 6l E . 
1 7 . Gunnery School Well #1 NEt, S. 4, T. 20S, R. 62 E . 
I S . Gunnery School Well SE^, S. 3 , T. 20S, R. 6l E. 
1 9 . Wm. Goodwin SW .^ S. 27, T. 20S, R. 6l E . 
20. Composite Sample of Springs & E^, S. 3 1 , & S. 29 & SEt 
Wells Las Vegas Land & Water S. 30, T. 20S, R. 6l E . 
Company 
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Table 4 (Cont'd) 
Part.s per million 
Well number 21* 2? 24 P5 
Date of co l l ec t ion 1 0 / 1 0 / 1 5 9/15/44 6/14/41 2 / 2 1 . 18 1 / 1S/4 ' 
S i l i c a (Si02) 9 25 22 
Iron (Fe) TR TR TR 
. 51 44 84 84 48 .2 
Magnesium (Kg) . 1 3 14 25 TR 27 .3 
Sodium (Ka) . 26 33 50 32 1 0 . 1 
Potassium (X) 
Bicarbonate (HCO ) . . . . 2 10 237 305 270 2 3 1 . 8 
S u l f a t e (SOh) ^ . . . . 50 20 144 47 5 1 . 8 
Chloride (Cl) . . . 1 0 10 16 7 . 7 . 1 
Flouoride ( f ) . . . 
Ni trate (rO-5) . . . 
Dissolved so l ids . . . . 225 240 46o 280 376.3 
Total hardness as CaCO-^  . 1 3 0 . 8 167 .4 3 1 2 . 5 210 232.4 
Temperature °F . 72 70 72 
* Name and locat ion of wel l s 
below by number. 
Name 
2 1 . Michale Paps 
22. 3 . 0. Underhill 
23 . R. R. SIiop Wells 
2*4. E. E. Strong 
25. Kimball & Williams 
which samples were taken are l i s t e d 
Location 
^ S. 3 , T. 2 1S , R. 61 E . 
SW ,^ S. 20, T. 20S ,R .6 1 . E. 
S. 34, T. 20S,R. 61 E. 
SWt, S. 33 , T. 20S. R. 61 E. 
NEt S. 7 , T. 21S, R. 61 E. 
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Table 5 
Chemical analyses of water from Tule Springs 
D i s t r i c t 
Analyzed by Univers i ty of 1'evada, Agr icultura l Experiment Stat ion 
Par t s ptir mil l ion 
Well number 2 
Date of c o l l e c t i o n 10/23/44 ip/23/44 
S i l i c a (SiOg) . . 
Iron (Fe) 
Calcium (Ca) 46 4 3 . 6 
Magnesium (Mg) 26 2 6 . 8 
Sodium (Na) 4 g.9 
Potassium (K) 
Bicarbonate (HCO )^ 250 247 . 1 
Sulfate (SO^) 19 22.8 
Chloride (Cl) 5 8.8 
Fluoride ( f ) 
Nitrate (NO )^ 
Dissolved so l ids 350 358 
Total hardness as CaCO^ . . . . 221 .6 218.9 
Temperature 70 70 
* Name and locat ion of wel ls from which samples were taken are l i s t e d 
bolow by number. 
Name Location 
1 . Elda A. Gi lcreaso SW ,^ S. 9, T. 19S, R. 60 E. 
2 . H. M. Dixon NE^, S .27, T. 19S, R. 60 E. 
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Discharge from wel ls and springs : As a part of the inventory 
of we l l s , a record was obtained of most of the d i s c h a r g e of water 
from wel ls and springs in Las Vegas Val ley f o r the years 1924 through 
1944. Approximately 25 percent of the discharge was metered, 50 per-
cent was measured p e r i o d i c a l l y and the remaining 25 percent was e s t i -
mated. 
Figure 2C shows the average annual discharge from wel l s and 
springs . Figure 10D shows the discharge of ground water by months. 
The curves shown in these f i g u r e s do not include estimates or measure-
ments of natural discharge by means of evaporation and t ransp i ra t ion . 
The d is t r ibut ion of average annual discharge in gal lons a day in Las 
Vegas Valley f o r tho years 1924, I938 "nd 1944 was: 
D i s t r i c t 1924 1938 1944 
North part of Las Vegas d i s t r i c t 16 ,070,000 15 ,705 ,000 17 ,987,000 
South part of Las Vegas d i s t r i c t 3 ,320,000 3,820,000 3,673.000 
Tule Serings d i s t r i c t 698,000 324,000 2,920,000 
Mid-Valley D i s t r i c t 0 0 6 1 1 ,000 
Most of the water withdrawn between 1924 and 1944 from tho a a u i f c r s 
underlying Las Vegas Valley has been used f o r domestic purposes, cool-
ing, and l imited i r r i g a t i o n . The amount of land i r r i g a t e d has remained 
about tho same throughout th i s period. Thus, the f a c t s presented by 
Figures 2A and 2D indicate that a considerable amount of water was not 
u t i l i z e d during the years 1924 to 1940. 
Natural discharge: Tho l a r g e s t amount of natural discharge of con-
f i n e d water occurs through the artosir-n aprings in Las Vegas Va l ley . 
Nearly a l l of the water discharged from these springs i s used at the 
present time. The discharge inventory described in preceding paragraphs 
includes the records of discharge by these springs. 
A care fu l geologic study of the southeast part of Las Vegas Val ley 
has y ie lded no evidence that an appreciable amount of confined water 
escapes from the v a l l e y underground, and reconnaissance of the remair^-
ing v a l l e y margins has indicated that escape of confined water by 
underground passage i s un l ike ly in any part of the v a l l e y . However, 
i t i s poss ib le that *a large quantity of water f inds i t s way upward 
through tho confining bods of the aqui fers to the water table and i s 
then discharged by means of evaporation, t ranspirat ion and run-off 
from seeps ahd small spr ings . Some indicat ion that th i s leakago 
occurs was noted in the sect ion on the shallow ground water (page 1 5 ) , 
however, considerably moro evidence i s needed to show tho d e f i n i t o 
hydrologic re la t ionships between the water table and confined water. 
A study of those re la t ionships i s now under way. 
Fluctuations of water l e v e l s : Long-period records of water 
l e v e l s in wel ls penetrating the ar tes ian a c u i f e r s are ava i l ab lo f o r 
only two wel ls in tho area. Thoso records were s tar ted by Georgo 
Hardman and continued by the State Engineer. The wel l s (S-20-6) 
dbb and (S-20-60) 24 bac are approximately 3 miles west and 4 miles 
northwest of Las Vogas between tho rechargo aroa and the discharge 
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arca of the Red Rock f a n . Hydrographs based on these records indicate 
the continuous drop in water l e v e l (Figure 2D). Other fragmentary 
records of water l e v e l s in wel l s in the north part of the Las Vegas 
d i s t r i c t a lso show th is decl ine . Some wel l s which flowed previous 
to and during the ear ly part of the period of record have now ceased 
to f low. I t seems probable that this decl ine in water l e v e l i s duo 
in part to the l a rge increase in tho number of wel l s d r i l l e d during 
the period. In 1939 tho Artesian Vei l Supervisor under the d i rect ion 
of the Nevada State Engineer 's O f f i c e began monthly measurements of 
water l e v e l s and pressures in f o r t y se lected observation w e l l s . Measure-
ment of those we l l s was continued by the Geological Survey when the Las 
Vegas o f f i c e was opened in J u l y 1944. Hydrographs based on these 
rocords appear in Figures 7 A, 8 and 9* 
Wells (S-20-61) 19 cbcl , (S-20-61) 29 dca 1 , and (S-20-6l) 34 
adc 1 , whose hydrographs are shown in Figure 8, arc on the Red Rock 
fan in the v i c i n i t y of Las Vegas. Well (S-20-61) 19 cbc 1 i s 2 miles 
north of the area of greatest discharge in the d irect ion of the re -
charge area whoro the aqui fer i s thicker and more permeable. Vei l 
(S-20-61) 29 dca 1 , approximately 2 miles southeast of (S-20-6l) 19 
cbc 1 md 1 mile northeast of the area of greatest withdrawal of 
ground water in tho Las Vegas d i s t r i c t penetrates a r e l a t i v e l y thinner 
and l o s s permeable section of the aqui for . Vei l (S-20-61) 34 adc 1 
i s 3 miles oast of the main discharge area and penetrates a thinner 
and even loss permeable pajrt of the aqu i for . The decl ine during tho 
summer months in a l l throe hydrographs i l l u s t r a t e s c l e a r l y the o f f o c t 
of incroased withdrawal of water from the aqui fer during tho period 
(compare with Figure 10D). Tho increase in magnitude of seasonal 
f luc tuat ions in wel ls from the northwest to the southeast shows the 
o f f o c t of decreasing permeabil ity of the aoui fers and greater density 
of discharging w e l l s . This i s a l l the moro s t r ik ing "hen i t i s con-
sidered that tho westernmost wel ls are nearer the area of g reates t 
discharge which includes tho c i t y water supply wells and springs . 
Figure 9 shows hydrographs of water l e v e l s in wel l s (S -2 1 -6 1 ) 
7 acc 1 , (S-20-61) 33 cca 1 , and (S-20-61 ) 28 dac 1 . Al l three of 
these wel ls are in the Las Vegas d i s t r i c t and supply two separato 
f lows of water from two d i f f e r e n t a q u i f e r s . All throe p a i r s of 
these hydrographs show that tho l e v e l to which water from the deeper 
aqui fer w i l l r i s o i s considerably higher than the l e v e l to which i t 
w i l l r i s e from tho shallow aqu i for . However, the s imi la r shapes of 
the hydrographs of tho deep and shallow wel l s in each pa i r indicate 
a poss ib le interconnection of some kind botwoen the a q u i f e r s . 
Hydrographs of wel ls ( g - 2 1 - 6 l ) 22 ccc 1 and (S-22-6 l ) 3 ccb 1 
are shown in Figure 7A. Both are in the south part of the Las Vegas 
d i s t r i c t , the former about 4^ - miles and the l a t t e r about 7^ - miles south 
of the area of heavy withdrawals from the a q u i f e r s . Those two hydro-
graphs show the small f luc tua t ions c h a r a c t e r i s t i c of wel ls which arc 
at some distance from tho main discharge area . Othor rocords of 
f luctuat ions of the wa.tor l e v i e s arc too few and fragmentary to permit 
general izat ion regarding the nature of ground water conditions in 
tho south part of tho Las Vegas d i s t r i c t . 
All of the above described hydrographs show that the pr inc ipa l 
f luctuat ions of water l e v e l s are caused by seasonal withdrawals from 
the underground a q u i f e r s . They also show a narked downward trend of 
water l e v e l s . Fluctuations resu l t ing from recharge, barometric pre-
ssure, and other causes are not. shown or are masked by the f luc tuat ions 
of greater magnitude. 
Figure IOC i s a graph showing the moan monthly wa.tcr l e v e l in 
several se lected wel ls in tho Las Vegas d i s t r i c t . I t i l l u s t r a t e s tho 
e f f e c t of heavy summer withdrawals of ground water and tho e f f e c t of 
increasing recharge on wator l e v e l duo to heavier p r e c i p i t a t i o n 
adjacent to the Las Vogas Va l loy . 
Although there i s i n s u f f i c i e n t data to construct a map of the 
piezometric sur face of the various Aqui fers , known elevat ions at 
various points show d e f i n i t e l y that the slope of the piezometric 
surface i s toward the center of Las Vegas Va l ley . I t i s planned 
that a map of the piezometric of the piezometric sur faces w i l l soon 
be completed. 
Records of water l e v e l s are being kept up-to-date by continuous 
water stage recorders and by monthly measurements in about 80 w e l l s . 
Recharge: Recharge to tho aqui fers comes p r i n c i p a l l y from the 
higher mountains surrounding tho v a l l e y . From a geo log ica l standpoint, 
as was pointed out on pages 4 and 5 , i t i s highly improbable*that 
even small amounts of water arc contributed underground to Las Vegas 
Valloy from any area outside the drainage basin of Las Vegas Val loy . 
Only portions of tho Spring Mountain and Sheep Mountain ranges contain 
areas of s u f f i c i e n t s ize and a l t i tude to contribute appreciable amounts 
of water to the a q u i f e r s . 
Undoubtedly, the a l l u v i a l fans at tho base of the Sheep Mountain 
r^ngc and at the base of tho Spring Mountain range in tho North Las 
Vegas Val ley d i s t r i c t arc supplied by water from tho high areas of 
those ranges. Because tho i n t e r - f a n materials and tho materials in 
the central part of the v a l l e y are only s l i g h t l y permeable, i t i s 
improbable that appreciable amounts of water roach tho Tule Springs and 
Las Vegas d i s t r i c t s from the North Las Vegas Valley D i s t r i c t . Thus, 
tho main recharge area f o r tho south part of Las Vegas l i e s in the 
Spring Mountain Range south of the drainage divide betwoon Kylo Canyon 
and tho Deer Creek-Leo Canyon area . 
. Comparison of the ava i l ab le r a i n f a l l records of tho stat ions 
at Las Vegas r^ nd Kylo Canyon shows that storms occurring at the 
l a t t e r s tat ion nearly always occur at Las Vegas with approximately 
proportional p r e c i p i t a t i o n although there i s considerably l e s s pre-
c i p i t a t i o n at Las Vegas. (Figure 10A). Sinco the record at Kyle 
Canyon does not covor an adeouate period, the cumulative departure 
from average r a i n f a l l at Las Vegas was p lot ted in tho graph in 
Figure 10B. Comparison of tho r a i n f a l l and water l e v e l graphs 
indicates that there i s some re la t ionsh ip between p r e c i p i t a t i o n and 
tho confined wator l e v e l . Further, the graphs apparently show there 
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i s probably a l ag of more than one year between increases or decreases 
in prec ip i ta t ion and r i s e s or declines of the water l e v e l . The steep, 
marked decline during i s undoubtedly the result of increased with-
drawal from the aqui fers combined with a decl ine in p r e c i p i t a t i o n dur-
ing 19^2 and 19^3. I t i s poss ib le that t h i s steep decl ine indicates 
that water was being withdrawn from storage during the 19^4 period of 
incfeasod discharge, and that the amount of water which can be s a f e l y 
pumped without in jur ing the aqui fers has been exceeded. Further study 
must be made of tho physical c h a r a c t e r i s t i c s of the aqu i fe r s and of 
recharge and discharge conditions in the v a l l o y to determine whether 
or not th i s condition has been reached. There i s probably natural 
discharge to the water table from the a r tes ian aqui fers (Page 1 $ ) . 
I f th is i s true, fu r ther pumping would decrease the amount of water 
l o s t by natural discharge and increase tho amount of water now a v a i l -
able from the a q u i f e r s . At the present time, th is i s the only apparent 
way to increase rcchargo of a considerable amount of wa,tcr to tho 
points of withdrawal. S u f f i c i e n t data i s not yet ava.ila.blo to e s t i -
mate the tota l recharge to tho area . 
Studies are now under way to determine the geolog ica l conditions 
and tho amount of p r e c i p i t a t i o n in the recharge area., and tho a v a i l -
a b i l i t y of p r e c i p i t a t i o n to the a q u i f e r s . 
Y ie ld of w e l l s : Tho aqui fe r s act both as storage reservo i r s and 
as conduits to transmit the water from the areas of recharge to points 
of withdrawal. Storage capacity of the aqui fe r s depends upon the i r 
v e r t i c a l and horizontal extent and upon the amount of pore space in 
the mater ia l . The rate at which water f lows through the materials of 
the aoui fers depends upon the i r permeabi l i ty , their c ross - sec t iona l 
area, and the i r hydraulic gradient . The y i e l d of w e l l s , there fore , i s 
l imited by these f a c t o r s as well as by the amount of recharge a v a i l a b l e . 
The permeabil ity of the water-bearing materials i s estimated to 
range from l e s s than 500 to more than 2,000 (gallons a day per square 
foot of c ross - sect iona l area with a hydraulic gradient of 100 percent) , 
the l e s s permeable parts of the aqui fers occurring oast , and the more 
permeable parts in and west of the ar tes ian spring zones. Numerous 
laboratory and f i e l d pumping t e s t s to determine more accurately the 
permeabil ity of the water-bearing materials have been planned and 
w i l l be mado in the neajr f u t u r e . 
Cross-sect ional areas through which the water must f low may be 
determined in general from the logs of the wel ls in tho v a l l e y . 
Hydraulic gradients from the areas of recharge to the points of 
withdrawal can be determined from tho d i f f e r e n c e in water l e v e l at 
these points . 
Yields of the wel ls in Las Vegas Val ley range from a few gal lons 
a minute to about 2,000 gal lons a minute. S p e c i f i c capac i t i e s (gal lons 
a minute per foot of draw-down of water l e v e l a f t e r severa l hours of 
f low or pumping) recorded f o r numerous wel l s range from 120 to l e s s 
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than 2. Tho s p e c i f i c capac i t ies of v e i l s in and west of the ar tos ian 
spring b e l t s average more than 50, whereas, tho average of s p e c i f i c 
capac i t ies of wel l s cast of tho ar tes ian springs i s considerably loss 
than 5 . Properly constructed wel ls f requent ly have l a r g e r s p e c i f i c 
capac i t ies than poorly constructed wel ls penetrating s imi la r m a t e r i a l s . 
The small s p e c i f i c capac i t ies of many of the wells in Las Vegas Val ley 
have resulted in part from poor construction. 
In loca l areas of large withdrawal, where wells have been d r i l l e d 
c lose together, the resu l t ing inter ference between we l l s during d i s -
charge periods fur ther decreases the y i e l d from individual w e l l s . 
This f a c t o r i s wel l i l l u s t r a t e d in groups of c lose ly spaced wel ls in 
the west part of Las Vegas and one mile northwest of Las Vegas (Figure 
1 ) , where the f low of many wel ls has declined more than 50 percent 
and some wel ls have stopped f lowing. This pr inc ip le i s fu r ther 
i l l u s t r a t e d in Figures 2 B and C which show that approximately tho 
same amount of water was discharged during 1924 as during the yoars 
1925 to 1940, although the number of wells in the v a l l o y increased 
from 125 to more than 3OO. During th i s period almost a l l water was 
obtained from f r e e - f l o w i n g we l l s and very l i t t l e wator was pumpod. 
In f a c t , when wel l s f a i l e d to f low an ample supply of water, the 
common procedure in the v a l l e y has been to d r i l l another wel l rather 
than to increase tho y i e l d of tho woll by pumping i t . Thus, a 
v ic ious cyclo of d r i l l i n g wel l s to get more water has reduced y i e l d s 
of ex i s t ing wel ls which has resu l ted in d r i l l i n g more wel l s without 
increasing the t o t a l amount of f r e e - f l o w i n g water a v a i l a b l e . This 
procedure has increased rather than decreased the amount of water 
wasted from f lowing w e l l s . 
Need f o r cur ta i l ed d r i l l i n g of wel ls and 
continued conservation of ground water 
A program of s t r i c t , watchful regulat ion of w e l l - d r i l l i n g and 
conservation of ground water in Las Vegas Val ley i s c l e a r l y j u s t i f i e d 
by the fa l lowing f a c t s : 
( 1 ) The r e l a t i v e l y sharp decl ine in water l e v e l s in v i r t u a l l y 
a l l wel ls beginning in 1942, reaching considerable mag-
nitude in 1944. This decl ine i s p a r t i c u l a r l y important 
in view of tho f a c t that i t i s of l a rge magnitude, whereas, 
the increased amount of water withdrawn from tho aqui fers 
was only 1 / 5 more than the to ta l avorago annual amount 
withdrawn f o r a long period previous to 1943. This may 
indicate that more wator i s discharged from the rcsorvo i r 
than i s being roturnod to i t by natural rcchargo. 
(2) The lack of knowledge of the amount of water a v a i l a b l e f o r 
recharge to the a r tes ian a q u i f e r . Unti l tho approximate 
magnitude of a v a i l a b l e rcchargo i s known, tho amount of 
water ava i l ab le f o r u t i l i z a t i o n cannot be determined. I f 
rcchargo to points of withdrawal cannot bo increased by de-
creasing natural discharge, in jury to the aqu i fe r s from 
col lapsc of tho water-bearing mater ia ls may occur. 
(3) By proper spacing and development and by increased pumping, 
the declino in y i e l d of Individual wel ls can bo reduced. 
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(4) The Artesian Woll Supervisor has conducted a program of 
conservation of water r e s u l t i n g in an annual saving of over 
2,000,000 gal lons a day since 19*40, nevertheless consider-
ably more than 2,000,000 gal lons a day i s s t i l l being wasted 
in the rura l areas adjacent to Las Vegas. In addit ion, con-
s iderable amounts of water are wasted each year by the r e s i d -
ents of the City during the period of heavy withdrawal from 
the ground water a o u i f e r s . Part of the wasted water i s due 
to leaking wells which should be e i ther repaired or plugged, 
however, waste could be g r e a t l y reduced by proper i r r i g a t i o n 
procedure in the rural areas and t h r i f t y domestic use in the 
City . 
Need f o r improved wel l construction 
Most wells in Las Vegas Val ley have been d r i l l e d with cable-
t o o l s . The usual pract ice has been to d r i l l an open holo u n t i l the 
materials forming tho wal l of the hole s ta r ted to cave. Thon the 
holo was cased with the l a r g e s t diameter casing that could bo in-
serted into i t . A f ter tho holo was casod, d r i l l i n g was continued 
with a b i t small enough to pass through the casing u n t i l more trouble 
was caused by caving. This procedure was repeated u n t i l tho dosircd 
depth of the hole was reached. As a r e s u l t , most of tho wolls in 
tho area, have severa l s izes of overlapping casings in them. In 
some w e l l s , the smaller diameter casings wore cut o f f near tho 
end of the next l a r g e r s ize ajid in other we l l s the smal ler-s ized 
casings wore extended a l l the way to tho s u r f a c e . Generally load-
sea l s or packors were not used to mako t ight connections bctwwon 
casings of d i f f e r e n t s i z o s . In many of tho wel ls in the a.rca, the 
wal l of the hole stood up during the d r i l l i n g to the desired depth 
and only a short length of casing , as l i t t l e as 30 to 50 f e e t long, 
was inserted into the hole . Generally that part of the casing which 
penetrated the aqui fe r was provided with severa l s l o t s cut by a 
welding torch. These s l o t s ranged from 1/g inch to 3/8 inch in 
width and from 2 to 6 inches in length and were meant to provide f o r 
entry of the water into the well from the a q u i f e r . However, in many 
of the wel ls only the open lower end of the casing and the annular 
spaces between the d i f f e r e n t s ized casings were l e f t to allow the 
water to enter the wel l . Mo wel l s in Las Vogas Valley have been 
equipped with a screen or packed with g r a v e l . Until recent years , no 
attempt was made to stop leakage of confined water into the water 
tab le or to, ther sur face around the wel l . 
As a resul t of tho abovc-described w e l l - d r i l l i n g and development 
procedures, numerous problems re la t ing to the most e f f i c i e n t u t i l i z a t i o n 
of ground water have ar i sen . Most important of these problems are ( l ) 
leakage of water from wel l s into the watertablo resu l t ing in an un-
des i rab ly high water table and waste of a r te s i an water, (2) the largo 
amounts of sand and f i n e r mater ia ls which arc carr ied to the surface 
where they clog pipe l i n e systems and f i l l r e servo i r s and (3) the 
f a i l u r e or p a r t i a l f a i l u r e of wel l s to y i e l d amounts of water which 
might bo reasonably expected. 
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Considerable progress has already been made by the State Engineer 's 
O f f i c e and by other agencies in solving the leaky wel l problem. A d e t a i l -
ed explanation of steps to be taken toward eliminating the problem i s 
contained in the report of the 193S inves t iga t ion of leaky wel ls by 
Livingston ( 10 ) . This report a lso contains numerous suggestions on tho 
proper construction of w e l l s . 
Water from most of the wel l s which supply domestic and indust r ia l 
users through rese rvo i r s ajid pipe l i n e s has been observed to contain 
l a rge quantit ies of sand, s i l t and c l a y . Large amounts of these 
materials are commonly y ie lded from tho wel ls when they are f i r s t 
opened. When the water enters reservo i r s and p i p e l i n e s , tho v e l o c i t y 
of the water decreases and these materials drop out, thus f i l l i n g the 
roservo i r s and clogging the p i p e - l i n e s and making i t necessary to 
f l u s h them out p e r i o d i c a l l y . This condition has resu l ted in consider-
able expense and trouble to w e l l - u s e r s . The tendency of a well to 
"pump" or " f low" sand i s d i r e c t l y re la ted to i t s construction and 
development. When wel ls f low or pump sand cont inual ly , they w i l l 
u l t imate ly become clogged ("sanded-up") or they w i l l cave r e s u l t i n g 
in reduced y i e l d s or completo f a i l u r e . Several wel ls in La.s Vegas 
Val loy havo decreased in y i e l d f o r th i s reason. Properly constructed 
wel l s y i e l d more water, do not y i e l d sand or cave and seldom f a i l . 
Numerous types of well—screens and methods of gravel-packing and 
well development have been used s u c c e s s f u l l y in wells throughout the 
country and undoubtedly some would prave to be success fu l in Las Vegas 
Va l ley . Descriptions of equipment and methods of well-development can 
be found in the l i t e r a t u r e on the subject . Several d i s t r i b u t o r s , 
manufacturers, and w e l l - d r i l l i n g companies employ experts to plan and 
d i rect i n s t a l l a t i o n s of wel l -screens and grave l packs f o r customers. 
A screen-equipped, properly developed well general ly costs from 10 
to 20 percent more than an unequipped, undeveloped w e l l . 
Thus, i t would be advisable that a l l we l l s d r i l l e d in the v a l l e y 
be properly constructed in the f u t u r e , and those which are to supply 
water f o r domestic and indus t r i a l purposes through pipe l i n e s and 
tanks or reservo i r s be equipped with e i ther a gravel pack or screen. 
Need f o r continuing the inves t igat ion 
Continuation of th i s inves t igat ion to determine the unknown 
f a c t o r s of the problems enumerated in preceding sections of th is report , 
as well as of other problems which may be d isc losed as the work pro-
ceeds w i l l be of great value to future development in Las Vegas Va l l ey . 
Increase in population i s l i k e l y to bo more or l e s s proportional to 
the amount of a r tes ian water a v a i l a b l e , f o r the wells and springs now 
const i tute tho only source of supply. The c r i t i c a l pos i t ion of the 
a r tes ian supplies i s emphasized by a report by Kerr in which he in-
dicates that tho cost of obtaining water from sources outside the 
v a l l o y , even by means of pipe l i n e s or canals from Lake Mead, would 
be high and proh ib i t i ve f o r a g r i c u l t u r a l purposes (9) . 
Evidence in tho present report shows that the s a f e y i e l d of the 
underground rese rvo i r may havo boon already oxceeded and that with-
drawals should be held at the present average annual amount or i f 
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possible, decreased until such time as answers to the following Questions 
have been obtained. 
(1) What is the magnitude of the average annual recharge to 
the aquifers ? 
(2) Where does natural discharge take place and how much water 
is lost by this method from the aouifers ? 
( 3 ) Will lowering of the water levels by pumping permanently 
increase recharge to t h e points of withdrawal ? What will 
be the magnitude of Such an increase ? 
(4) In which areas can pumping and drilling of additional wells 
increase the total supply of water to the valley ? In which 
areas should pumping and further drilling be curtailed ? 
(5) Can adequate additional supplies of ground water be secured 
in the North Las Vegas Valley district ? How can these 
supplies bo most efficiently developed ? 
(6) To what extent can the shallow ground water be utilized ? 
A sound start has been made in securing answers to these questions. 
Many of the facts upon which the answers to these questions must be 
based have already been determined. Numerous precipitation stations 
have been established in the recharge area and mapping of that area has 
boon initiated. A program of observation of the water table and its 
relationship to natural discharge and to the confined waters is under 
way. Study is being made of the vertical and horizontal distribution 
and extent of the aquifers and of the materials of which they arc com-
posed. Numerous field and laboratory tests will soon bo made to 
determine the interference between wells and groups of wells and to 
determine the permeability of the water-bearing materials. A detailed 
investigation is now under way to find if additional water can be 
obtained from the North Las Vegas Valley district and from the water 
table. 
Whether the tremendously increased population acquired by La,s Vegas 
in the years 19^0 to 19^2 will be retained cannot at present be fore-
told. However, the valley will undoubtedly be expected to support a 
considerably larger population than it did at any time prior to 19^0, 
and continually increasing demands on the water supply for innumerable 
pcacetimc activities must be anticipated. Therefore, a sound evaluation 
of tho ground water resources of Las Vegas Valley is directly in line 
with the other wisely progressive planning programs which are now 
operating or arc taking shape in the valley as well as in the entire 
State of Nevada. 
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